Abstract: The aim of this study is to determine and prioritize the factors affecting optimal location of temporary accommodation sites. Using the opinion of experts and the Fuzzy Delphi method, three main criteria including infrastructural factors, access, and sustainability and 11 subcriteria are identified. To specify the weight of the identified factors, the fuzzy DEMATEL-based analytic network process (FDANP) method is used. After applying this technique, it is determined that the main criterion of access has the greatest weight among the main criteria. Finally, District 6 of Tehran Municipality has been considered as a case study to represent the efficiency and applicability of the proposed method. According to conducted research on different scenarios of earthquake activity in Tehran, the number of displaced people requiring shelters, the area of required space, and suitable places for the construction of temporary shelters are determined. The alternative locations have been ranked using the linear assignment method, and the best prioritized sites to establish temporary shelters for two assumed cases of temporary accommodation are presented.
Introduction
Wars and natural disasters as the most important factors threatening human life have always caused a large loss of life, have destroyed the facilities, equipment, and buildings and have imposed irreparable social and economic costs (Kuo 2011) In the course of history, cities as the centers of human community were most affected by this issue. Today, security and preparedness against disaster are deemed necessary and very important (Thomalla et al. 2006 ). This issue is so important that developed countries dedicate an important part of their comprehensive national plans to it. Hence, planning for times of crisis is something that urban authorities, designers, and programmers need to pay attention to (Ukkusuri and Yushimoto 2008) . The process of urbanization and urban development has encountered many vicissitudes since the distant past (Kılcı et al. 2015; Ukidwe and Bakshi 2005) .
Nowhere can the process of urbanization be studied independent of the social, economic, environmental, and political issues. Considering these factors alongside issues such as sustainable development and life quality is necessary in the natural disasters risk management, as well. Looking at the process of urbanization and urban development in Iran, it is found that Iranian cities have been revolutionized with the features evolved over the decades. Architectural space and elements of cities, as their physical features, had been formed and evolved over time according to the daily needs of residents and in response to the growth and transformation of urban society (Chen et al. 2014) . However, economic and demographic changes and urban development measures of the recent decades have led to great evolution and transformations in urban space and fabrics (Tucker et al. 2014) .
Iran is one of the disaster-prone countries of the world. As the statistics show, out of 44 types of natural disasters occurring in the world, more than 30 types occur in Iran. Occurrence of such natural disasters in the country has placed Iran among the first 10 disasterprone countries in the world where incidence and frequency of natural disasters such as landslides, floods, and earthquakes are common.
Iran has experienced several earthquakes in most of its regions, which are best characterized by a lot of casualties and destruction of many buildings. Data collected by the International Federation of Red Cross (IFRC) and Red Crescent Societies on damages and casualties caused by earthquakes in Iran from 1900 to 2015, are presented in Table S1 (World Disasters Report 2015) .
In this regard and due to the high density of population in large cities and especially Tehran, paying particular attention to crisis management and organizing tasks that mitigate the adverse effects of potential earthquakes or control the postcrisis situation is vital and important (Hill 2001; Jabbour et al. 2008) . In an emergency situation, crisis management sites are considered for providing critical and tactical ground suitable for prevention measures, preparedness, and response to various crises and especially great natural disasters such as earthquakes. In such conditions, shelter space is crucial for affected people. A wise methodology that determines suitable shelter locations can help greatly the emergency planners in disaster management organizations. Identification and preparation of suitable emergency shelter locations in the predisaster phase, is one of the major strategies to improve readiness to respond. Especially in urban contexts, there is a limitation in availability of such areas and at the same time a growing demand for risk-sensitive land use planning. Because earthquakes have the nature of quick onset, relatively short duration, and unpredictable occurrence, thus emergency shelter placement becomes a critical predisaster issue to ensure a coordinated and effective response after a major earthquake (Anhorn and Khazai 2015) .
Given the position of Iran in the international seismic belt, investigating and explaining the above pattern seems necessary.
Tehran, as the capital, is the largest and the most important city in Iran. The historical earthquakes occurring in Tehran's metropolitan area and the active faults of the region indicate that the last severe earthquake happened in 1830, around 187 years ago, whereas the earthquake's return period in the region is about 150 years. Thus, the probability of a severe earthquake strike in the Tehran region is expected.
According to the final report of the project of seismic microzoning of the Greater Tehran area that was provided by the Japan International Cooperation Agency (JICA) and the Centre for Earthquake and Environmental Studies of Tehran (CEST) in 2000, four important and influential earthquake faults for Tehran were considered in the proposed region; Rey fault, North Tehran fault, Mosha fault, and an unknown fault in the middle of Tehran, namely, a floating fault, which can be a serious threat to the city (Amiri and Asvadi 2015; JICA and CEST 2000) .
The metropolis of Tehran has 22 municipalities. District 6 is located at the geographical and key center of Tehran. Forty percent of ministries and government organizations, 50% of universities, 30% of embassies and offices of international organizations, and 30% of hospitals, are located in District 6. Furthermore, the existence of large economic and commercial companies indicates the important position of this zone in Tehran and Iran. The mentioned characteristics make it necessary to address the issue of disaster management in District 6 of the Tehran Municipality.
Hence, this study aimed to identify and rank the factors affecting optimum location selection of temporary housing shelters in District 6 of Tehran Municipality.
Literature Review
Regarding the research literature, the authors should say that the optimal distribution of applications is something that urban planners often deal with. Due to the rapid growth of population and the urban fabrics, problems have arisen because of the lack of proper spatial distribution of activities. Relief centers at expected locations in the event of mishaps are the critical service centers in cities that play a significant role in the safety and welfare of citizens. As a result, the ultimate places must meet all required provisions and conditions as far as possible.
On the other hand, studies consistently indicate that full reliance on locational analysis tools such as geographic information systems (GIS) is necessary but not sufficient. Because review of several locations based on the realities of the present situation is one of the best methods that should be considered by managers and urban planners to develop a location selection model based on floating fuzzy logic in the framework of a hierarchical decision-making model along with logical analysis of compatibility of decisions and possible changes in priorities based on different policies. Because in this way, administrators will have the ability to be responsive to changes in the dynamic system of the city and organize the security services of an urban area with needed flexibility.
Determining the best positioning is one of the spatial analyses which has a significant effect on reducing the related costs. For this reason, it is usually considered as one of the most important steps in surveying the executive projects. On this subject, Samadzadegan et al. (2005) used fuzzy logic-based GIS to solve complicated locational problems for positioning decisions.
Of the most important positioning studies, we can refer to a research work in America and at Florida State University. The main purpose of the study was to recognize the existing shelters and other potential locations such as schools and public centers that are suitable and available for this goal . They used the combination of weighted linear combination and success/ failure methods to achieve the final model in 17 districts of south Florida. Shoja et al. (2015) proposed a study to determine suitable locations for construction of relief centers in District 1 of Tehran Municipality. They considered four positioning criteria. Aliakbari et al. (2015) presented a positioning problem for urban facilities in critical situations. They utilized the urban planning and disaster control issues in the context of urban management to satisfy the essential needs of cities encountering critical conditions.
Because the locating decision is under a diversity of different factors and aspects, Onut et al. (2008) used the fuzzy analytic network process (FANP) as one of the multicriteria decision making (MCDM) techniques for the greenhouse location problem.
In the literature, there are several studies that have been used MCDM for locating problems. For example, the fuzzy analytic hierarchy process (AHP) and fuzzy technique for order preference by similarity to ideal solution (TOPSIS) techniques were used in the selection problem of transshipment locations by Önüt and Soner (2006) . The fuzzy MCDM model was utilized in the selection problem of international tourist hotel sites by Chou et al. (2008) . The multiobjective optimization by ratio analysis (MOORA) was utilized for a department store location problem by Brauers and Zavadskas (2008) . The fuzzy ANP technique was utilized for a shipyard locating problem by Guneri et al. (2009) in which, a network structure with ANP methodology was presented in Turkey. Fuzzy AHP was utilized in the selection problem of hospital places in Iran by Vahidnia et al. (2009) . Fuzzy AHP and fuzzy TOPSIS were used for a shopping center location selection problem by Onut et al. (2010) . ELimination Et Choix Traduisant la REalité (ELECTRE) methodology was used in a construction and destruction waste management facility locating problem by Banias et al. (2010) . The AHP method was used for a location intelligence problem by Weber and Chapman (2011) . The fuzzy AHP approach was applied to select the best locations of a wastewater treatment plant by Kaya (2011) . The combination of ANP, fuzzy decision making trial and evaluation laboratory (DEMATEL), and TOPSIS approaches was used for locating of international distribution centers by Kuo and Liang (2011) . Also, ELECTRE was utilized for selection of warehouse places by Ozcan et al. (2011) . Kahraman et al. (2015) expressed that the MCDM approach was for the implementation and development of decision support tools to confront complex decision problems including multiple criteria or objectives with conflicting nature.
This research uses the fuzzy delphi method (FDM) and fuzzy DEMATEL-based analytic network process (FDANP) techniques and combines the linear assignment (LA) method to establish a hybrid fuzzy MCDM model to structure and prioritize the factors and subfactors affecting optimal location selection of temporary accommodation sites in District 6 of the Tehran Municipality.
Reviewing the literature, there are some studies on the presented methodologies, but to the best of our knowledge no work integrates these three methods: the FDM (for determining and identifying the factors and subfactors), the FDANP technique (for examining the dependency and weighting the factors), and the LA method (for ranking the potential alternatives) for solving the problem of ranking and selecting optimal temporary accommodation sites.
What distinguishes this study from similar previous research such as Hosseini et al. (2016) , is using the FDM to identify factors and using the FDANP technique for weighting the factors. The advantage of using the FDMi to determine the problem factors is that this method, by completing questionnaires in several stages and gathering opinions of experts, leads to a better convergence of decision-makers' opinions considering feedback from each other's views. The advantage of the DEMATEL-based analytic network process (DANP) approach, which makes it a powerful tool for considering closer conditions to the real-world situations, is that it involves interactions and interdependencies among different criteria. Also, the authors used the LA method to rank alternatives, whereas Hosseini et al. (2016) just have used the AHP that is not a ranking technique. Another difference is considering only sustainability criteria to determine optimal location of temporary shelters by Hosseini et al. (2016) and other major factors studied in related literature were not mentioned by them, but the authors considered the comprehensive criteria influencing the determination of optimal sites for temporary shelters including sustainability.
For example, Hosseini et al. (2016) have not considered infrastructure and telecommunication facilities criteria in determining the shelter locations. On the other hand, in their work, accessibility and proximity indicators have been assumed as subcriteria of social criteria, whereas these factors have all three dimensions of sustainability; because proximity and accessibility of roads to transport affected people and required items, reduces transportations costs (economic aspect), increases people satisfaction due to faster service with less lead time (social aspect), and finally reduces carbon emissions due to less transportation (environmental aspect). Hence, in the present study, accessibility and proximity indicators are considered as a separate main criterion. These considerations make the proposed problem closer to real-world conditions.
Theory

Building a Fuzzy Model for Optimal Location Selection of Temporary Shelter Sites
To deal with uncertainty and ambiguity of human thought, we have used the fuzzy set theory introduced by Zadeh (1965) . The research processes are illustrated in Fig. 1 .
Fuzzy Delphi Method
Fuzzy Delphi method (FDM) was presented by Ishikawa et al. (1993) for improving the convergence of the traditional Delphi technique, and it was derived from the conventional Delphi method and fuzzy set concept (Hsu et al. 2010) .
As outlined in the diagram of the process developed in our paper, the main criteria and subcriteria have been specified and determined by studying the related literature and using the opinions of field experts. Based on the literature review of the field of study, the criteria that have been considered in similar articles and in review articles in the field of this research, are identified and provided to experts by questionnaires.
After reviewing previous studies and identifying effective factors, a panel of 14 experts is selected for screening and ranking of factors and suggesting new criteria. Eight members of the panel are disaster planners and experts from a disaster management organization with proven experience in sheltering management of previous earthquakes and response to them. Two members are experts of Tehran Municipality Urban Planning and Research Center who have experiences in disaster management issues and research work in the related field. Also, other participants of the selected panel (four members) are academics with knowledge and experience in the related field of study. They have some publications in the disaster management field, and their main research interest is studying the optimal response to earthquakes.
In this section, the FDMFDM is used. We first prepare the identified factors as a questionnaire and ask the experts to confirm or reject the identified factors and, if other factors are also important and effective to them, they insert in the second part of the questionnaire. This process is performed by scoring each of the proposed factors in the low, medium, and high impact spectra, and response variables are considered as trapezoidal fuzzy numbers.
Then, after collecting the first series of questionnaires and analyzing and performing the mentioned modifications, the second questionnaire is designed. Also, the criteria are classified into three main categories, and these categories accompanied a list of criteria for the questionnaire, are given to the experts to adopt their opinions. The FDM steps are available in the Supplemental Data.
Fuzzy DEMATEL-Based Analytic Network Process
One of the shortcomings of the traditional ANP approach was considering the same weight for each cluster. Although, it is clear that a cluster may have a different effect on the other clusters. Using The DEMATEL technique, it is possible to create an influential network relations map (INRM) for each attribute and also to improve the traditional ANP approach in terms of the normalization procedure (Chiu et al. 2013) .
Utilizing experts' viewpoint and through paired-comparison investigation, the relationships within and among the features are developed.
For this purpose, a questionnaire has been designed and distributed among the experts and members of the panel (the same combination of 14 persons used in the FDM method).
For measuring the relationships, the comparison scale of Table S2 is utilized. The weights of the selected criteria are determined utilizing the FDANP. Steps of this technique are available in the Supplemental Data.
Linear Assignment Method
To specify the appropriate ranking of alternatives, we have used the LA method. One of the difficulties of the traditional LA model was not considering the significance of the real cardinal difference among identified alternatives on each feature. In our article, we have considered the actual cardinal difference and calculated the weight for each rank of a particular alternative in the proposed LA approach. Details of the proposed approach are available in the Supplemental Data.
Results and Discussion
To run the fuzzy Delphi method, the authors used some factors from previous research. Then, these factors were reposed to form a questionnaire in the hands of experts. After the fuzzy Delphi method was repeated four times, the threshold was less than 0.2, and the process was stopped. Mean views of experts from the fourth questionnaire are shown in Table S3 .
Finally, 11 effective factors were confirmed by experts. Of these, 10 criteria had been referred in the previous studies, and one criterion was also added considering the opinion of field experts, and final criteria were achieved. The results of the fuzzy Delphi process are presented in Table 1 . The three main criteria were determined, namely, infrastructural factors, access, and sustainability, and the final 11 subcriteria were assigned to these main criteria.
Definitions of Criteria
In fact, decision making has a significant role in disaster management. On the temporary shelters selection and location problems, the lack of suitable criteria may bring about unpredicted factors which, in turn, may endanger the logistics operational quality as a whole (Nappi and Souza 2015) . For example, the lack of criteria may cause people to refuse to accept the site, or it may also lead to other consequences such as subsequent secondary disasters, cultural and climatic unsuitability, social problems, lack of safety, delays related to the shelters' procurement, discovering sites, and lack of organizational services (Omidvar et al. 2013) . Soltani et al. (2014) reviewed the articles introducing the criteria for selecting a temporary shelter location. They noticed that these studies deal with a total of 27 criteria examining selection of emergency shelter locations after earthquakes. In all the aforementioned studies, the criteria of accessibility and proximity to affected areas had been more emphasized than the other criteria. On the other hand, in most of the studies, seven criteria which include appropriate size of land, reasonable distance from unsafe regions, geological risks and land slope, appropriate distance of shelter locations from medical care centers, water supply, and security were the same. The considered factors in this research are categorized in three main criteria, and these main criteria and their linked subcriteria are presented in Table 1 . In the following, definition of each indicator is provided. a 1 : Infrastructure Facilities Infrastructure facilities specify technical structures including roads, bridges, water supply, electrical networks, and so on, and could be characterized as "the physical components of interrelated systems providing commodities and services essential to enable, sustain, or enhance societal living conditions" (Manic and Hot 2016) .
In this study, the infrastructure facilities criterion implies the existence of operational infrastructures/utilities such as adequate power supply, water resources, sewage discharge network (Chu and Su 2011; Omidvar et al. 2013; Kılcı et al. 2015; Nappi and Souza 2015) , quality and accessibility of infrastructure for different modes of transportation and evacuation roads (Chu and Su 2011; Kılcı et al. 2015) , and quality and reliability of transportation modes. a 2 : Land Suitability The authors consider some land properties such as land availability and possibility of capacity expansion in the future (Omidvar et al. 2013; Çetinkaya et al. 2016) , land slope (Chu and Su 2012; Wei et al. 2012; Omidvar et al. 2013; Kılcı et al. 2015; Çetinkaya et al. 2016) , drainage of surface water and sewage (Chu and Su 2012; Omidvar et al. 2013; Kılcı et al. 2015; Çetinkaya et al. 2016) , and finally land safety as key suitability factors of shelter locations.
It is possible that sudden accidents happen to the emergency shelters. However, the site would be meaningless if the sudden accidents bring about loss of emergency function. In fact, land safety plays a key role in planning and constructing of emergency shelter. Land safety can be divided into the two following subcriteria:
• Distance to fault lines and landslide or seismic areas: temporary shelters should be far away from zones with geotechnical risks Su 2011, 2012; Wei et al. 2012; Omidvar et al. 2013; Anhorn and Khazai 2015; Amiri and Asvadi 2015; Çetinkaya et al. 2016 ).
• Suitable distance from sources of danger: factors such as high voltage transmission lines, gas transfer lines, gas and fuel stations, refineries, poisonous gases, inflammable, explosive or radioactive substances would affect the safety of shelter Su 2011, 2012; Wei et al. 2012; Omidvar et al. 2013; Kılcı et al. 2015) . So locations of temporary shelters must be as far as possible from these potential sources of risk.
The telecommunication facility is a fixed, mobile, or portable structure to transfer different types of information and to communicate between different geographic locations using radio waves, optical signals, and so forth.
b 1 : Proximity to Affected Areas People living in regions near disaster areas encounter many difficulties such as lack of food, loss of energy, and high disease risk (Kapucu 2012) . Proximity to affected areas is an important factor for selection of appropriate temporary shelter locations Su 2011, 2012; Wei et al. 2012; Omidvar et al. 2013; Kılcı et al. 2015; Çetinkaya et al. 2016 ).
b 2 : Proximity to Relief Distribution Centers and Other Service Centers Products (goods) are stocked in a relief distribution center to redistribute to affected people in temporary shelters. Hence, to promote the service level for people, it is critical that the shelter sites be near relief centers (Chu and Su 2012; Wei et al. 2012; Omidvar et al. 2013; Kılcı et al. 2015 ; Amiri and Asvadi 2015; Nappi and Souza 2015). Also, proximity of shelter locations to other service and logistics centers such as hospital and medical care institutions Su 2011, 2012; Omidvar et al. 2013; Kılcı et al. 2015; Anhorn and Khazai 2015; Amiri and Asvadi 2015; Hosseini et al. 2016) , fire stations, and police stations make the shelters more effective.
b 3 : Access to Connection Network This criterion includes accessibility to main and available paths (Omidvar et al. 2013; Kılcı et al. 2015; Nappi and Souza 2015; Çetinkaya et al. 2016 ), access to linking roads and accessibility to different modes of transportation, i.e., roads, railways, and airports.
b 4 : Access to Energy Resources Shelters must have access to suitable water supply, power stations, and fuel/coal resources to meet their energy demands (Omidvar et al. 2013; Anhorn and Khazai 2015) . Although, location decision makers have concentrated on the economic aspects of facility location problems, location decisions also contain environmental and social consequences as a result of the incremental interest in sustainable development. In comparison to past practice, general public, industry, and government demand more complex facilities which also satisfy social and environmental purposes (Terouhid et al. 2012) .
In general, economic objectives of location planning could be as follows: first, cost reduction should be the major focus (these costs mainly encompass buying and running costs for a selected location, and the related transportation costs). The proximity to suppliers, risks of the environment, and availability of workforce constitute the other objectives which are, however, difficult to quantify by costs directly. On the other hand, from a social view point, the main objective is the accessibility of the public to the locations of facilities providing goods or services. And finally, from an environmental perspective, some ecological benefits include locating solar and wind energy plants or affordable establishment of nature reserves (Jaehn 2016 ).
c 1 : Economic Factors Various economic factors need to be taken into account when determining the decisions about the project of shelters location and construction. Costs related to the setting up and construction of temporary shelters, also operational costs during their life cycles, are key economic factors (Wei et al. 2012; Omidvar et al. 2013; Amiri and Asvadi 2015) . These costs include: land acquisition, construction, maintenance and utility, and transportation costs (Amiri and Asvadi 2015) . Also, some additional charges such as labor costs, handling, and waste disposal costs could be considered for selection of temporary shelter sites.
The place used as a temporary shelter must have affordable services and maintenance cost. These places must also have other various uses, e.g., being utilized as required social centers such as schools and sports halls. The purpose of selecting such sites as temporary shelters is to minimize adjustment expenses (Nappi and Souza 2015) . c 2 : Social Aspects Social aspects considered in this research include: comfort and welfare factors, equity or fair population covering, and social acceptance of temporary shelter locations.
Welfare factors represent ensuring the comfort and welfare of the affected people and providing them with safe and easy access to entertainment centers, shopping centers, markets, schools, sports halls, and parks (Nappi and Souza 2015; Hosseini et al. 2016 ). There must be consistency between the site of temporary shelters and the regular tasks of the affected population (Nappi and Souza 2015).
For the shelter to supply the affected population with thermal comfort, ventilation, and protection, climatic conditions for each season should be appraised (Nappi and Souza 2015) .
Also, the temporary shelters must be located in suitable sites to provide fair coverage for all affected people in different regions. To determine the shelter locations, the vulnerable people with restricted abilities such as children or older people must have priority. These sites must also have suitable access and compatibility for them (Nappi and Souza 2015) . Some related studies have considered just the population covering indicator (Amiri and Asvadi 2015; Hosseini et al. 2016) . The social acceptance factor reflects the public acceptance of determined shelter locations by the people who are supposed to live there. One of the important ways to prevent or limit potential conflicts over the location of temporary shelters is consultation with local people and gaining their opinions (Omidvar et al. 2013 ).
c 3 : Environmental Aspects The places selected to build temporary shelters should be considered in such a way to eliminate minimum trees and vegetation cover and to have minimum risk for habitat of endangered species (Nappi and Souza 2015) . Also, the distance between the location of the potential places and the natural protected areas should be as far as possible (Omidvar et al. 2013) . Moreover, in the selection of shelter locations, other environmental aspects such as floodplains and wetlands near the selected sites should be considered as important and with high priority.
Some of the environmental risks arising from the establishment of temporary shelters are as follows: 1. Sound, air and water pollution
To choose the location of a temporary shelter, one should take into consideration how to preserve the natural environment, on the one hand, to decrease, as much as possible, urban pollution including vehicle noise and air pollution resulting from vehicular emissions (Anhorn and Khazai 2015; Rao et al. 2015) . 2. Ecosystem harm from solid and liquid wastes or sewage (Anhorn and Khazai 2015; Nappi and Souza 2015; Hosseini et al. 2016 ). 3. Energy consumption (during construction and operational phases) (Hosseini et al. 2016) For example, the temporary shelters can be established in locations that provide the required electrical and heating energy, preferably from their natural environment and sources of clean energies like solar or wind. 4. Greenhouse gas emissions [i.e., carbon dioxide (CO 2 ) emissions] The amount of CO 2 emissions could be measured during two processes: (1) preparation exercises for each location in the phase of construction, and (2) requisite transport for every location in the phases of construction and destruction (Hosseini et al. 2016 ).
Suitability of climate
A comprehensive knowledge of the local natural surroundings like temperature, wind, and rain is necessary to choose the location of temporary shelters which helps to lessen the temporary shelter construction risks. For example, the climatic conditions of the region will have a direct influence on the health of the employees and work efficiency (Rao et al. 2015) . The site which is used for temporary shelter should be compatible with climatic variations (Omidvar et al. 2013; Nappi and Souza 2015) . Also, altering and adapting with regard to the consequences of potential climate change in the local environment must be permitted in evaluating temporary shelter construction (Nappi and Souza 2015). c 4 : Political Stability The significance of government situational specifications in humanitarian supply chains has been recognized in many studies (Kunz and Reiner 2012) . Government stability plays a significant role in humanitarian supply chains. Political factors considered in this research are as follows: 1. Protection and security
The temporary shelters must provide the security of vulnerable people such as women, children, and the elderly (Chu and Su 2012; Wei et al. 2012; Omidvar et al. 2013; Kılcı et al. 2015; Nappi and Souza 2015) . Also, it must be capable of preventing theft and looting (Nappi and Souza 2015) .
Adequate internal room in the shelter must be available to the users to enable them to protect themselves from unfavorable climatic conditions. Besides, they should be provided with suitable temperature conditions, security, and privacy (Nappi and Souza 2015) .
Because of its mandate, many operations of the United Nations High Commissioner for Refugees (UNHCR) are organized in the situation of political instability, including military actions and civil war. To run effective and safe logistics operations can be very difficult in such circumstances. Security concerns also involve stealing and looting. The risk of pilfering not only includes the value of the stolen goods but also leads to extra security costs, e.g., insurance, guards (Jahre et al. 2016 ). 2. Regulations and policies of the government about environmental, economic, or social issues such as effects on agriculture, employment, and tourism; For example, shelters should be located at a reasonable distance from touristic areas to protect the attraction (Çetinkaya et al. 2016) . Also, in some places, land or facilities needed to build temporary shelters may be offered from the government at low cost or free of charge, which helps to reduce the costs of temporary shelter establishment (Jahre et al. 2016 ). Other effective economic policies of the government concerning the shelter location problem could be financial and tax incentives.
Zoning and construction plan (different development plans)
Choosing the location of a temporary shelter must be consistent with the local laws and regulations, the city and region's general planning, and resource space. Moreover, the selection of shelter locations must be based on the city's spatial structure and land-use planning (Rao et al. 2015; Hosseini et al. 2016) . Fig. 2 represents a hierarchical structure of the criteria and subcriteria.
Computing Factor and Subfactor Weights Using Fuzzy DANP Method
Experts determined the impact degree of criterion i on criterion j, which was denoted byg ij ¼ ðl ij ; m ij ; u ij Þ. Thus, the matrix G½g ij c n × n of the fuzzy direct-influence could be achieved. Fuzzy direct-influence matrix (G) is represented in Table S4 . After calculating the normalized fuzzy direct-influence matrix (X), the fuzzy total-influential matrixT of the INRM would be acquired. The fuzzy total-influential matrix (T) is represented in Table S5 .
By producing matrixT,r i þs i , andr i −s i could be obtained in whichr i ands i represented the summation of row elements and the summation of column elements of matrixT, respectively. At the final step of the proposed procedure, allr i þs i andr i −s i were defuzified using an appropriate defuzification technique. Then, ðr i þs i Þ def denoted significance of the factors, and ðr i −s i Þ def determined whether one factor was cause or effect. If the ðr i −s i Þ def value was positive, the factor would be placed in the cause category, and if the ðr i −s i Þ def value was negative, the factor would be placed in the effect category. As tabulated in Table 2 , seven factors are in the causal group, and four factors are in the effect group. The Influential network relations map of the criteria is shown in Fig. 3 . As illustrated in the figure, infrastructural factors (A) influence all other factors and sustainability (C) is affected by all other factors. In this influential network relations map, two factors are affective. In this influential network relations map, two factors have impacted on its own.
The Influential network relations map of the cluster (A) is shown in Fig. 4 . As depicted in the figure, land suitability (a 2 ) influence all other subfactors and infrastructure facilities (a 1 ) is affected by all other subfactors. In this cluster, two subfactors are affective.
The influential network relations map of the cluster (B) is shown in Fig. 5 . As seen in the figure, access to energy resources (b 4 ) influence all other subfactors and the proximity to relief distribution centers and other service centers (b 2 ) is affected by all other subfactors. In this cluster, three subfactors are affective.
The influential network relations map of the cluster (C) is shown in Fig. 6 . As seen in the figure, political stability (c 4 ) influence all other subfactors and the environmental aspects (c 3 ) is affected by all other subfactors.
The DANP model is designed in Super Decisions software. The DANP model is shown in Fig. 7. Fig. 7 is the output of Super Decisions software. Super Decisions is decision-making software which works based on two multicriteria decision making methods.
Weights of factors and subfactors obtained from fuzzy DANP are shown in Table 3 . Finally, the results indicated that the main criterion of access had the highest weight and was the most important factor among the other main criteria.
Introducing the Case Study Area and Selecting the Appropriate Locations
Case Study
The authors have selected District 6 of Tehran Municipality as the case study of our research. According to the latest Iran official census in 2016, the population of Tehran is 8,737,510 people.
As already mentioned, in 2000, a seismic zoning research project for Tehran was carried out by the JICA and CEST, and four models of earthquake scenarios were identified and investigated based on the important faults throughout the area of study.
Based on the Rey fault model, a probable magnitude 9 Mw earthquake would hit Tehran's southern areas, and the magnitude of earthquake would be between 7 and 8 Mw in the northern part. In the North Tehran fault model, the magnitude of the probable earthquake could be 9 Mw in the northern and 7 Mw in the southern parts. Most parts of the city would experience a magnitude 8 Mw earthquake. Based on the Mosha fault model, most parts of the city could be affected by a probable magnitude 7 Mw earthquake. Finally, in the floating fault model, most parts of the city would experience a magnitude 8 Mw earthquake, whereas other parts might experience an earthquake with a magnitude of 9 Mw.
The summary of consequences and damage estimations in Tehran for four different models is presented in Table S6 .
The surface area of District 6 of Tehran Municipality is 21.4 square km which covers about 3.2% of the city's area. According to the latest Iran official census in 2016, the population of this district was 251,384 people, equivalent to 85,092 households (Statistical Center of Iran 2017).
In this section, the potential number of displaced people who need to settle in shelters is estimated to calculate temporary shelter demand. As mentioned before, four possible earthquake scenarios in Tehran were identified and investigated by JICA and CEST. In their study, the destruction rate of buildings and the number of casualties have been estimated in different districts of Tehran on the basis of the severity and location of the possible earthquake scenario, and the urban context and different types of buildings in each district. So, the destruction and casualty data estimated by JICA and CEST, are used to study District 6 of Tehran Municipality.
Also, the probability of occurrence is estimated for each earthquake scenario to estimate the average destruction rate of buildings and the average number of human casualties. These probabilities are considered as 0.412, 0.352, 0.158, and 0.079, for earthquake scenarios of the Rey fault, North Tehran fault, Mosha fault, and floating fault, respectively. These probabilities are determined by the disaster planners and experts according to the length of the corresponding faults (Bozorgi-Amiri and Khorsi 2016).
To estimate the number of homeless people, the authors use the widespread and complete destruction rate in the JICA and CEST study which is equivalent to a damage level of 60%-100%. The number of damaged buildings in District 6 of Tehran for various earthquake scenarios and the average number of damaged buildings are presented in Table 4 . As a result, the number of displaced people whose buildings have been vastly destroyed is 36.6% of the total population of District 6 which is about 92,000 people.
Moreover, the number of human casualties is estimated by JICA and CEST studies in different districts of Tehran under different scenarios of probable earthquake. The maximum number of earthquake victims happens in the case of an earthquake occurrence at night, whereas the lowest casualties happens in the case of an earthquake occurrence during the day, with the effective and timely help of relief groups. The proportion of casualties for Districts 6 of Tehran Municipality due to an earthquake occurrence at different times of the day with or without relief for various earthquake fault models, is estimated based on the JICA and CEST studies, and represented in Table 5 .
As a result, the average number of casualties in District 6 of Tehran is at least 2,303 people and at most 5,312 people for two different times of the earthquake occurrence. Finally, the average number of people requiring temporary shelters will be obtained by subtracting the average number of casualties from the number of displaced people in two different cases. In the case of an earthquake occurrence during the day with timely and effective rescue operations, the number of people in need of temporary shelters is about 89,697 people, and it is about 86,688 people if an earthquake happens at night without effective relief and rescue.
The required area for each person in the temporary accommodation sites ranges between 30 and 45 m 2 based on UNHCR (2015) and the Sphere Project (2015) . Because of the land rarity in Tehran, designing the temporary shelters as two-story and three-story units is assumed which will make a required shelter area about 20 m 2 per person. Also, assuming the settlement of one-third of the displaced people in multilevel units in the shelter with required space of 20 m 2 per person the total required areas in case of occurrence of an earthquake during the day with timely and effective rescue operations and at night without effective rescue operations, are about 59.798 and 57.79 ha, respectively.
Based on the area of required space in the case study, suitable alternative locations for establishing temporary shelters are identified by the decision makers and experts in the field of crisis management. Alternative locations have been selected among empty lands, green spaces and parks, gardens, and sports complexes in District 6 of Tehran. Finally, five alternative sites are selected which have the required capabilities according to the selection criteria of the suitable place for a temporary shelter. The map of these alternative locations in District 6 of Tehran, is shown in Fig. 8 .
The total area of the selected alternatives for the establishment of a temporary shelter is 75.5 ha. Table 6 shows the names and the areas of the selected alternative locations.
Ranking the Proposed Shelter Locations by Linear Assignment Method
To determine the alternative locations for establishing the required temporary shelters, searches on the internet websites of the municipality of Tehran and Tehran parks and green spaces, and the opinions of the experts of Tehran municipality, were done. The team of experts in this step consisted of two former municipal experts employed in FDM and FDANP methods, plus eight other experts from the Tehran Municipality, which also had similar characteristics with the previous two experts.
Finally, five alternative locations were identified and selected as the potential areas for the construction of temporary shelters in the 6th municipality of Tehran. The LA method was used to prioritize alternatives based on identified and weighted factors. First, by distributing a questionnaire among the members of the panel, it was asked of them to determine the rank of each potential alternative in each subcriteria (composing decision matrix). It is noted that the scores of alternatives in each criteria were valued considering the possible earthquake scenarios studied by JICA. After summarizing the experts' opinions in the next step, they were asked to determine the appropriate scores (weight) for each rank of a particular alternative and, by combining these weights with the specified weights for each subcriterion (outputs of the FDANP method), the final weight matrix was formed. Finally, the weight matrix was converted to the concordance matrix, and the elements of the concordance matrix were used in the Linear Programming (LP) assignment model to determine the p it elements by solving the model, and using them to rank the different alternatives. The proposed concordance matrix is shown in Table 7 . The LA model would be as the following linear programming model:
p it ¼ 1 0 ; i; t ¼ 1; 2; 3; 4; 5 ð12Þ where p it = element of permutation matrix, and p it ¼ 1 if alternative i is assigned to overall rank t and p it ¼ 0 otherwise. In this section, we were looking for the best overall ranking in which the product of the concordance matrix elements to the elements of permutation matrix would have the maximum value, because it then represented the ranking that had the best compatibility among all criterion-wise rankings. So it was possible to check out all potential rankings and choose the one that represented the maximum value of the proposed product. The objective function of the presented LP problem expressed this concept. Eqs. (2)- (6) indicated that in the overall ranking, each alternative i could only be assigned to one rank. Also, the constraints [Eqs. (7)- (11)] indicated that a specific rank t could only be assigned to one alternative. After solving the model using the Hungarian method and determining the best p it values, the final ranking of different alternatives would be acquired from the following equation: 
Results for the final ranking of the alternative areas are presented in Table 8 . As seen in Table 8 , the Beyhaghi Terminal is the best place for construction of temporary housing in District 6 of Tehran municipality. Laleh Park, Zeitoun Park, Saei Park, and Honarmandan Park were next in rank.
As noted earlier in case study section, the area of the required space to accommodate homeless people is about 59,798 ha in the case of an earthquake occurrence during the day with effective relief, and it is about 57.79 ha in the case of an earthquake occurrence at night without effective relief. Therefore, according to the ranking of alternative locations, a selection between the first and third rank (A4, A1, A5) with a total area of 58 ha, should be considered as the final selected places for the temporary shelters in the case of an earthquake happening at night, and a selection between the first and fourth rank (A4, A1, A5, A3) with a total area of 70 ha should be considered as the final selected places for the temporary shelters in the case of an earthquake event during the day (which requires the most space for accommodation of displaced people).
Conclusion
Tehran is surrounded by active faults; however, their geometry, seismicity associated with them, and kinematics are not accurately known. Historical earthquakes were mostly associated with Mosha, Rey, and North Tehran faults. And the largest events with magnitudes of 7.6 in the third century and 7.7 in the 10th century were related, respectively, to the faults of Rey and North Tehran. The last historic earthquake that affected the northern part of Tehran dates back to 1830 and is attributed to the Mosha fault. Regarding the geographic location and high population of Tehran, this research aimed to select the optimal location for establishing temporary accommodation centers for citizens of District 6 of Tehran municipality that is a very important and strategic district in the center of Tehran, utilizing a novel hybrid fuzzy MCDM approach.
Because the data used in the various steps of the developed process of our paper were uncertain, to confront ambiguity of human thought the variables were defined as trapezoidal fuzzy numbers. Delphi, DANP, and LA methods are three common, significant, and practical methodologies but have some deficiencies. So, in this research a novel integrated approach was developed to overcome these deficiencies in a fuzzy environment.
To identify the factors effective in selecting the optimum location, we surveyed the related literature and utilized the opinions of field experts. We considered the comprehensive criteria influencing the determination of optimal sites for temporary shelters including sustainability.
In this step, the FDM was applied. Fuzzy Delphi results determined the factors affecting selection of optimal places for temporary housing shelters as three main criteria including infrastructural factors, access, and sustainability. Subcriteria of infrastructural factors included infrastructure facilities, land suitability, and telecommunication facilities. Access subcriteria included proximity to disaster areas, proximity of shelters to distribution centers, access to linking roads, and access to energy resources. Sustainability subcriteria included social, political, economic, and environmental issues.
To determine the weight of the identified factors, the FDANP method was used. After applying this technique, it was determined that the main criterion of access had the greatest weight among the main criteria.
Finally, District 6 of Tehran Municipality had been considered as a case study to represent the efficiency and applicability of the proposed approach.
According to research conducted on different scenarios of earthquake in Tehran, the average number of displaced people in need of temporary shelter, and the required space for the establishment of shelters were estimated for two earthquakes. Also, five alternative sites were identified among the potential locations of District 6 which had the related characteristics based on the selection criteria of the appropriate place for temporary shelter. The alternative locations had been ranked using the LA Method and the best prioritized sites to establish temporary shelters for two assumed cases of temporary accommodation were presented.
It is noteworthy that to overcome the difficulty of the traditional LA model, we considered the real cardinal difference among identified alternatives on each feature and calculated the weight for each rank of a particular alternative in the proposed LA approach.
Ranking results of the LA Method for the assumed alternatives were: A4, A1, A5, A3, and A2. A selection between the first and third ranks, was chosen as the final place for the temporary shelters in the event of an earthquake at night without relief operations, and a selection between the first and fourth ranks, was done as the final place for the temporary shelters in the event of an earthquake during the day with timely relief operations.
Ultimately, because the occurrence time of the earthquake is not predictable, it seems better to consider the maximum required space for temporary accommodation to provide more effective response at the time of the earthquake. It means the four best-ranked alternatives should be selected for the establishment of the temporary shelters.
The developed framework including the process of identifying, determining, weighting, and quantifying effective factors, and also identifying, prioritizing, and selecting suitable alternative locations; is flexible to let the variations in the decision factors like adding the new criteria or subcriteria, omitting the improper criteria or subcriteria, and changing the pair-wise comparison decisions. So, it is applicable for other regions and communities in other countries to provide appropriate responses in a short time of decision making.
It is noteworthy that in other areas, the proposed criteria may be different in terms of their existence or absence, and in terms of their number or weights, because of the specific characteristics of each region and the various crisis scenarios in those areas. Although, the package of identified criteria is the result of examining a wide range of previous criteria in the related literature review, and its strength is to consider the sustainability aspect. Also, available alternatives in other areas could certainly have different degrees of competence according to the conditions and the crisis scenarios in those regions.
Therefore, based on the methodology developed in this research, other researchers can use the presented criteria and subcriteria (or adding new factors or eliminate unrelated and inappropriate factors according to the area under consideration using the FDM method and considering the changes in the distributed questionnaires among the related decision makers). Moreover, they can use the weighting approach by examining the criteria and their weights for the areas under study, and also they can utilize the proposed ranking approach for the new identified alternative locations, commensurate with spatial data in their respective areas, considering the opinions of the related decision makers.
One of the difficulties of using the multiple attribute decision making (MADM) methodology in our study was its inability in determining the capacity of the required places and the allocation of displaced people to the identified locations. It just provides a decision-making framework for weighting and ranking. To overcome this difficulty, it is possible to consider the combination of the proposed MADM approach and mathematical programming models for assigning displaced people to the determined prioritized locations. This suggestion could be considered as the further research of our study.
Another limitation in our study was in the step of identifying and designating alternative locations for the establishment of temporary accommodation shelters. To improve this process, the GISbased techniques could be used. So, as another useful suggestion for future research, it is recommended to use the combination of MADM and GIS techniques to select and rank temporary shelter locations.
Also, there are some other suggestions for further studies. First, the developed methodology in this research can be considered and analyzed for the entire metropolis of Tehran or for other areas with potential earthquake risk. Second, the available prepositioned shelters (if any) can be added to the alternative locations in areas of study to rank the total list of locations (including existing shelters and new alternative locations) to determine whether existing shelters are reliable according to the proposed selection criteria, or the alternative sites should be replaced based on the new ranking results. Third, it is possible to consider the combination of the FDM, FDANP, and TOPSIS (or other ranking method) instead of the LA method, to examine and compare the results of various alternative ranking methods, and to achieve better and more accurate results. Finally, this study develops a new hybrid approach for group decision making with an equal degree of importance for each decision maker in the group. It is possible to consider different importance weights for the opinions of individual decision makers based on the degree of importance and impact of different experts, in each step.
Notation
The following symbols are used in this paper: A = symbol of the first main criteria; A i = symbol for alternative sites; a i = symbol for the subcriteria of A; B = symbol of the second main criterion; b i = symbol for the subcriteria of B; C = symbol of the third main criterion; CO 2 = carbon dioxide; c i = symbol for the subcriteria of C; G = fuzzy direct-influence matrix; g ij = fuzzy degree to which the criterion i affects the criterion j; p it = decision variable of the linear assignment model; r i = sum of rows ofT; ðr i þs i Þ def = shows how important the factors are; ðr i −s i Þ def = shows which factor is cause and which one is effect; s i = sum of columns ofT; T = fuzzy total-influential matrix; T c = fuzzy total-influential criteria matrix; T D = fuzzy total-influential dimensions matrix; W Ã c = weighted super-matrix to find the influential weights of the FDANP; X = normalized fuzzy direct-influence matrix; and φ = sufficiently large number (as power).
Supplemental Data
Figs. S1 and S2, Tables S1-S6, the FDM steps, steps of the FDANP technique, and details of the proposed LA method are available online in the ASCE Library (www.ascelibrary.org).
